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Summary 
Background: Although the headgear appliance has been used extensively to correct anteroposterior 
discrepancies, its treatment effects haven’t yet been adequately assessed in an evidence-based manner. 
Objective: Aim of this systematic review was to assess the therapeutic and adverse effects of early 
headgear treatment from controlled clinical trials on human patients in an evidence-based manner. 
Search methods: An unrestricted electronic search of six databases from inception to December 2015. 
Selection criteria: Randomized and prospective non-randomized controlled trials assessing the effects of 
headgear treatment on human patients. 
Data collection and analysis: After duplicate study selection, data extraction, and risk of bias 
assessment according to the Cochrane guidelines, random-effects meta-analyses of Mean Differences 
(MDs) and Relative Risks (RRs),including their 95% Confidence Intervals (CIs) were performed, followed 
by subgroup and sensitivity analyses. 
Results: A total of 18 unique studies with a total of 930 (56% male / 44% female) patients were included. 
Headgear treatment was associated with a posterior translation of the anterior maxilla border in the short-
term, as seen by the mean annualized change in the SNA angle (MD=-1.63°/year; 95% CI: -2.20 to -
1.06°/year; high quality evidence) compared to untreated patients. This effect was independent of the 
rotation of the palatal plane and the inclination of the upper incisors, while a proportional relationship with 
the initial discrepancy in SNA was seen. The clinical significance of this improvement, diminished in the 
long-term, although only limited evidence existed. Additionally, early headgear treatment might decrease 
the risk of dental trauma during the following years (RR=0.34; 95% CI=0.14 to 0.80; moderate quality 
evidence). Low quality evidence on the effect of headgear on the rotation of the palatal plane, the 
nasolabial angle, the occlusal outcome, and signs of temporomandibular disorders precluded robust 
assessments, due to risk of bias, inconsistency, imprecision, and small-study effects. 
Conclusions: Based on existing trials, headgear is a viable treatment option to modify sagittal growth of 
the maxilla in the short-term in Class II patients with maxillary prognathism. 
Registration: PROSPERO (CRD42015029837) 
Conflict of interest: None 
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Introduction 
Rationale 
Application of extraoral traction to the maxilla has been used for many decades in order to restrain or redirect 
growth in Class II patients, especially those with maxillary excess (1, 2). This inhibitory effect on maxillary anterior 
displacement has most often been achieved with the headgear appliance, which according to the direction of applied 
force can be divided into three categories: high-pull headgear (anchored at the upper back of the head), cervical 
headgear (anchored at the back of the neck), and combi-headgear (anchored at both sites). 
Clinical investigations have demonstrated that the effects of headgear treatment are partly due to dental 
changes in the sagittal and vertical plane and partly due to skeletal changes. Headgear has been reported to 
effectively modify maxillary growth in both the sagittal and the vertical direction (3, 4), while rotation of the palatal 
plane and changes in the anterior face height have also been reported (3, 5, 6). Many authors cite headgear type, as 
well as the magnitude of force applied and the direction of pull as important effect-modifying factors to be 
considered (7). 
Although the headgear appliance has been studied extensively and has gained widespread acceptance as an 
effective means of correcting anteroposterior discrepancies, its treatment effects have yet to be adequately assessed 
in an evidence-based manner. Previous systematic reviews on the subject either pooled headgear together with other 
appliances (8), assessed various Class II modalities without focusing on headgear and all its aspects (9, 10) or 
included retrospective clinical studies (11), which have been shown to be associated with bias (12). Furthermore, 
methodological issues like the inappropriate use of fixed-effect models (13), problematic interpretation of meta-
analysis results (14), and no assessment of the quality of evidence with the Grades of Recommendation, 
Assessment, Development and Evaluation (GRADE) approach (15) might affect the conclusions of these reviews. 
 
Objectives 
Aim of this systematic review was to assess the evidence from randomized and prospective non-randomized trials in 
humans, in order to investigate the effect of orthopedic treatment of Class II with extraoral traction delivered to the 
maxilla with headgear appliance and compare it to untreated Class II patients.  
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Materials and Methods 
Protocol and registration 
The protocol for this review was made a priori based on the PRISMA-P statement (16), registered in PROSPERO 
(CRD42015029837), and all post hoc changes were appropriately noted. This systematic review was conducted and 
reported according to Cochrane Handbook (17) and PRISMA statement (18), respectively.  
 
Eligibility criteria 
According to the PICOS (Participant-Intervention-Comparison-Outcome-Study design) schema, parallel randomized 
or prospective non-randomized trials comparing any type of headgear appliance to an untreated control group in 
human patients were included. Excluded were non-clinical studies, retrospective studies, and studies where headgear 
was combined with other appliances. Additionally studies with purely dental effects of headgear (including molar 
distalization, tooth retraction, anchorage reinforcement, etc) were excluded, as these fall out of this review’s scope 
(Supplementary Table 1). 
 
Information sources and literature search 
A total of six electronic databases were searched systematically by one author (SNP) without any limitations from 
inception up to December 12th, 2015 (Supplementary Table 2). Four additional sources (Scopus, Google Scholar, 
ClinicalTrials.gov, and ISRCTN registry) were manually searched for additional trials or protocols by the same 
author. No limitations concerning language, publication year or publication status were applied. The reference and 
citation lists of the included trials and relevant systematic reviews were manually searched as well. 
 
Study selection 
The titles/abstracts of identified studies were screened by one author (SNP) with a subsequent duplicate independent 
checking of their full-texts for eligibility by four authors (SNP, EK, SM, LG), while conflicts were resolved by 
another author (AJ). 
 
Data collection 
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Characteristics of included trials and numerical data were extracted independently by the same authors (SNP, EK, 
SM, LG) using pre-determined and piloted extraction forms. Piloting of the forms was performed during the 
protocol stage until over 90% agreement was reached. Missing or unclear information was requested by the trials’ 
authors and raw data were requested from the authors of all included trials to eliminate baseline confounding and 
perform explorative analyses. 
 
Risk of bias in individual trials 
The risk of bias of the included randomized and non-randomized trials was assessed using Cochrane’s risk of bias 
tool (17) and with the ACROBAT-NRSI (A Cochrane Risk Of Bias Assessment Tool: for Non-Randomized Studies 
of Interventions) tool (19), respectively. A main risk of bias assessment was included in the systematic review 
pertaining to the review’s primary outcome. 
 
Data synthesis 
As the outcome of headgear therapy is bound to be affected by the design of the appliance and the patient’s 
malocclusion, growth potential, and compliance, a random-effects model according to DerSimonian and Laird was 
deemed appropriate to encompass this variability (20). The Mean Difference (MD) and the Relative Risk (RR) with 
their corresponding 95% Confidence Interval (CI) were chosen as effect measures for continuous and binary 
outcomes, respectively. The Standardized Mean Difference (SMD) was chosen to pool similar cephalometric 
measurements of the inclination of the palatal plane (SN-NL and FH-NL), as well as similar cephalometric 
measurements of the sagittal position of the A point (Co-A and N-perpendicular-A). The Number Needed to Treat 
(NNT) was used to clinically translate the results of significant meta-analysis of binary outcomes. 
Between-trial heterogeneity was quantified with the I² statistic, defined as the proportion of total variability 
in the results explained by heterogeneity, and not chance (21). The 95% Uncertainty Intervals (95% UI) (similar to 
CIs) around the I2 were calculated using the non-central χ2 approximation of Q (22). 95% Predictive Intervals (95% 
PrI) were calculated for meta-analyses of three trials or more, as they incorporate existing heterogeneity and provide 
a range of possible effects for a future clinical setting, which makes them crucial for the interpretation of random-
effects meta-analyses (23). All analyses were run in Stata SE 10.0 (StataCorp, College Station, TX) by one author 
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(SNP). A two-tailed P-value of 0.05 was considered significant for hypothesis-testing, except for a 0.10 used for the 
test of heterogeneity and reporting biases, due to low power (24).  
 
Risk of bias across studies 
The overall quality of evidence (confidence in effect estimates) for each of the main outcomes was rated using the 
GRADE approach (15) by one author (SNP) and checked from three others (EK, SM, LG). For the included 
cephalometric outcomes, the GRADE assessment was based on the short-term effects directly after early phase 1 
headgear treatment, as the majority of studies reported these. Additionally, cephalometric outcomes have been 
shown to be transient and their stability heavily dependent on the retention scheme. For the rest of included 
outcomes, which were non-cephalometric and patient-oriented in nature, the long-term effects after a subsequent 
phase 2 comprehensive fixed appliance treatment were assessed, as these are clinically more relevant. The minimal 
clinical important, large, and very large effects were conventionally defined (Supplementary Data). The produced 
forest plots were augmented with contours denoting the magnitude of the observed effects.  
 
Additional analyses 
In meta-analyses of at least five studies, possible sources of heterogeneity were planned a priori to be sought 
through pre-specified mixed-effects subgroup analyses/random-effects meta-regression with the Knapp-Hartung 
(25) adjustment. Indications of reporting biases (including small-study effects) were assessed for meta-analyses with 
≥10 studies with Egger’s linear regression test (26) and inspection of contour-enhanced funnel plots. 
 
Sensitivity analyses 
Sensitivity analyses were conducted for meta-analyses of at least 10 studies to assess their robustness according to 
the study design, the improvement of the GRADE classification, and any data transformations performed. Finally, a 
sensitivity analysis was conducted to check if the headgear-induced SNA reduction was due to anteroposterior 
translation of the A point (subspinale) or rather a cephalometric artifact due to a change in the inclination of the 
maxillary base or to a change in the inclination of the upper incisors. 
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Results 
Study selection 
A total of 800 and 30 papers were identified through the electronic and manual searches, respectively (Figure 1). 
After removal of duplicates and initial screening (Supplementary Table 3), 118 papers were judged against the 
eligibility criteria, leaving a final number of 47 included published papers. After collating multiple publications 
pertaining to the same trials, a total of 18 separate trials were included (Figure 1; Supplementary Table 3).  
 
Study characteristics 
The characteristics of the included trials can be seen in Tables 1-2. Out of the 18 included trials, five (28%) were 
randomized and the remaining 13 (72%) were prospective non-randomized trials. They included a total of 930 
patients (with at least 479 male and 379 female patients) with mean ages ranging between 7.6 to 12.9 years. In nine 
studies (50%) a high-pull headgear, in five (28%) a cervical, and in three (17%) a combi-headgear was used. In one 
randomized study, either a high-pull or a cervical headgear was used, according to the initial mandibular plane angle 
of each patient. In almost all of the included studies (n=17; 94%) the inner bow of headgear was attached to the 
tubes of molar bands (n=8; 44%), various kinds of plates/biteplanes (n=6; 33%) or a combination of those (n=3; 
17%), while the control group received no treatment. 
One study compared a headgear-fixed appliance group to a group receiving only fixed appliance and is 
reported separately from the others to separate the pure effects of headgear from the effects of the fixed appliances. 
The corresponding authors of all included trials (apart from two older studies) were contacted to request 
raw trial data. However, apart from three dissertations that already provided raw data as appendices (27-29), no 
additional data could be retrieved.  
 
Risk of bias within studies 
A summary of the risk of bias for all studies can be seen in Figure 2. The detailed risk of bias assessment for the 
included randomized and non-randomized trials can be found in Supplementary Table 4 and 5, respectively. Serious 
risk of bias was found in 4 of the 5 randomized trials for at least one domain and for multiple domains of all non-
randomized trials. The most problematic domain for both randomized and non-randomized trials was the lack of 
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blinding for the outcome assessors. Domains that were also problematic for most non-randomized trials were 
confounding and unclear or problematic selection of participants into the study.  
 
Results of individual studies and data synthesis 
From the 18 studies included in the systematic review, three trials did not proceed to the phase of data synthesis, as 
they did not report complete outcome data and therefore, were excluded.  
The results of the primary outcome and the six secondary outcomes can be seen in Table 3. As far as short-
term annualized cephalometric effects are concerned, the early headgear treatment was associated with a significant 
reduction in the SNA angle (MD=-1.63°/year; 95% CI: -2.20 to -1.06°/year; Figure 3), a significant posterior 
rotation inclination of the palatal plane (SN-NL and FH-NL angles), and a significant backward repositioning of the 
anterior maxilla border (Co-A and Nperp-A distances), while no effect on the nasolabial angle was found. 
As far as long-term cephalometric effects after a subsequent phase 2 fixed appliance treatment are 
concerned, headgear treatment was associated with a minimal reduction in the SNA angle (MD=-0.14°/year; 95% 
CI: -0.26 to -0.02°/year) and a considerable retraction of the anterior maxilla border (measured with Co-A and 
Nperp-A; SMD=-0.46/year; 95% CI: -0.75 to -0.17/year). Finally, headgear treatment was associated with a 
reduction in the risk of dental trauma during the phase 2 fixed appliance treatment (RR=0.34; 95% CI=0.14 to 0.80). 
The number needed to treat (NNT=9) indicated that an additional dental trauma incident during the fixed appliance 
phase would be avoided for every 9 patients that were treated early with headgear. 
Regarding non-cephalometric outcomes, headgear treatment was associated with a statistically significant, 
but clinically irrelevant, reduction in the Peer Assessment Rating (PAR) index and a slight reduction in the 
incidence of dental trauma and temporomandibular joint pain, both of which were not statistically significant. 
Additional outcomes that were reported from included studies, but which were not included in the protocol 
of this review can be seen in Supplementary Table 6. Headgear treatment was associated with reduced priority, 
difficulty, and duration for a subsequent comprehensive treatment with fixed appliances, although the overall 
treatment duration (for both phases) was longer. Additionally, no apparent effect of headgear treatment on either 
external apical root resorption or signs of temporomandibular disorders could be found. The single trial that 
compared headgear plus fixed appliances to fixed appliance alone reported no significant effect of headgear 
treatment on head posture after 11-12 months of treatment. 
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Risk of bias across studies 
The assessment of reporting biases (including the possibility of publication bias) can be seen in Supplementary 
Figure 1. No signs of bias were found for the SNA angle (Egger’s coefficient=-0.04; 95% CI=-5.25 to 5.17; 
P=0.986). However, significant signs of reporting bias were seen for the combined SN-NL & FH-NL analysis 
(Egger’s coefficient=5.18; 95% CI=1.61 to 8.75; P=0.009), which indicated that small/imprecise studies tend to 
exaggerate the effects of headgear treatment (i.e. “small-study effects”). When looking at the most precise third of 
the available studies through a post hoc stratified analysis, a considerably smaller and clinically irrelevant effect of 
headgear treatment on the maxillary inclination was seen (Supplementary Figure 2). 
 
Additional analyses 
The investigation of possible sources of heterogeneity through subgroup analyses and meta-regressions indicated 
that no statistically significant modifying effects could be found regarding age, gender, force magnitude and 
appliance (bands or biteplanes) (Supplementary Table 7). However, increased posterior rotation of the maxilla was 
found for cervical headgear compared to combi-headgear or high-pull headgear (SMD of 1.50 compared to 0.87 and 
0.11, respectively). Although the difference in the magnitude of the effects was clinically significant, no statistical 
significance was reached, presumably due to the small number of contributing studies. 
 Explorative analysis of the effect of baseline SNA on the treatment-induced annual SNA reduction among 
headgear patients based on re-analysis of raw trial data, revealed a statistically significant modifying effect 
(Supplementary Table 8; coefficient=-0.18; 95% CI= -0.25 to -0.10). Based on these data, stratified meta-analysis of 
the three trials with available raw data selecting patients with increasing SNA showed that the annual reduction in 
SNA compared to the no treatment group increases proportionally to the initial SNA discrepancy (Supplementary 
Table 9). This indicates that the skeletal effects of headgear might be more pronounced, when used in patients with 
an increased degree of maxillary prognathism. 
 
GRADE assessment 
The GRADE assessments for the cephalometric and non-cephalometric outcomes can be seen in Tables 4 and 5, 
respectively (details in Supplementary Table 10). The quality of the overall cephalometric evidence was very low in 
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all instances, due to the high risk of bias, inconsistency, and signs of reporting biases. The quality of overall 
evidence regarding the rest of the outcomes ranged from low to moderate, due to high risk of bias and imprecision 
originating from inadequate sample sizes.  
 
Sensitivity analyses 
When comparing the original analysis of SNA angle with an adjusted analysis that takes into account the change in 
the inclination of the palatal plane (SN-NL or FH-NL angle) and the change in the inclination of the upper incisors 
(1s-NL angle), no considerable difference could be found (Supplementary Figure 3). This supports the notion that 
the SNA reduction achieved by headgear corresponds to a true posterior translation of the A point (subspinale) and 
is not a cephalometric artifact. 
Sensitivity analyses indicated that the results were relatively robust. Randomized trials reported more 
conservative headgear effects than non-randomized trials (0.53 and 1.04 difference in MDs and SMDs, respectively) 
and adjusted estimates from available raw trial data were more conservative than the rest of the data, these were not 
statistically significant (Supplementary Table 11). 
Sensitivity analysis on the basis of improving the GRADE classification by eliminating all factors that 
might introduce bias (Supplementary Table 12) indicated that high quality evidence supports a reduction in SNA 
achieved by headgear. On the other side, the robustness of the effects of headgear on the inclination of the palatal 
plane was very poor and the effects were inconsistent in direction, and therefore, caution is warranted by their 
interpretation. 
 
Discussion 
Summary of evidence 
This systematic review included 5 randomized and 13 non-randomized trials and a total of 930 patients. A 
considerable lack of evidence exists regarding the therapeutic effects of headgear, and especially long-term 
outcomes. Most trials are small non-randomized trials that investigate short-term cephalometric effects with serious 
limitations in their planning, conduct, and reporting. 
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As far as short-term effects are concerned, headgear treatment was associated with a more posterior 
position of the anterior maxillar border compared to untreated patients, as seen through both the SNA angle and the 
combined Co-A / Nperp-A distances. This could be interpreted as a modification of the maxillary sagittal growth 
resulting from the application of extraoral traction. Some authors consider the A point (subspinale) to be an 
unreliable anatomic landmark, which may be directly influenced from the labial inclination of the upper incisors 
(30-33) or from the rotation of the palatal plane (34-36). However, the explorative analysis of raw data 
(Supplementary Figure 3) indicated that there was little to no change in the SNA reduction by headgear, when the 
treatment changes in the incisor inclination or the rotation of the palatal plane during treatment were taken into 
account (original and adjusted MDs of -0.84 and -0.74, respectively; both P<0.001). This supports the notion that the 
effect of headgear might be due to a true change in the skeletal base, rather an artifact of cephalometric 
measurement. Additionally, the amount of headgear-induced reduction in the SNA angle was significantly 
associated with the baseline SNA angle (Supplementary Table 8), as can also been seen by the stratified meta-
analyses according to baseline SNA (Supplementary Table 9). This seems to indicate that the skeletal effects of 
headgear treatment are more pronounced in patients with a marked maxillary prognathism. Finally, this might also 
explain some of the variability seen in the results of existing headgear trials, as increased SNA is rarely used as a 
criterion to recruit appropriate Class II patients for headgear treatment (mean baseline SNA ranging between 78.9° 
to 84.3° in the included trials). 
Based on the results of the subgroup analyses (Supplementary Table 7), there was only a small variation in 
the headgear effect on the SNA angle among high-pull, cervical, and combi-headgear. This agrees in part with older 
retrospective data that reported no significant difference in the change in SNA angle between cervical and high-pull 
headgear (37, 38). Allthough Baumrind et al. (37), contrary to our results, reported greater SNA reduction with the 
high-pull headgear compared to the cervical headgear (average difference of 0.26° in SNA), this was not statistically 
significant, while the two groups were retrospective in nature and differed in baseline characteristics and treatment 
duration. 
According to the results of this systematic review, the effect of headgear treatment on the inclination of the 
palatal plane (measured with the SN-NL and FH-NL angles) could not be robustly assessed, due to the very low 
quality of evidence. With a first reading, headgear treatment was associated with a considerable posterior rotation of 
the maxilla (SMD of 0.54; translated to a 0.60°/yr increase in the SN-NL angle) compared to the control group. 
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However, the amount of posterior rotation was associated with the direction of applied forces (Supplementary Table 
7), as cervical headgear resulted in much greater rotation of the maxilla compared to high-pull headgear (SMDs of 
1.50 and 0.11, respectively), even if this difference was not statistically significant, due to large heterogeneity and 
imprecision. Additionally, considerable signs of reporting bias (“small-study effects”) were seen, as small and 
imprecise studies tended to report significantly exaggerated rotational changes of the palatal plane than larger and 
more precise studies (Supplementary Figure 2). In the light of the serious risk of bias of the contributing studies, the 
very low quality of evidence, and the fact that the sensitivity analysis contradicted the results of the original 
analysis, making evidence-based recommendations about the effect of headgear on the maxillary inclination not 
feasible at this time and further well-designed studies are needed. 
Concerning long-term effects of headgear treatment after a subsequent phase 2 comprehensive appliance 
with fixed appliances, moderate quality evidence indicated that there may be little to no difference in the occlusal 
outcome (measured as an overall reduction in PAR scores) between patients treated early with headgear or not 
(Table 5). This indicates that an initial better occlusal outcome in patients directly after headgear treatment (MD=-
5.30; 95% CI=-8.77 to -1.83; P=0.003; 1 year after treatment) is “blended out”, during the subsequent years and no 
significant difference exists after the comprehensive treatment with fixed appliances (P=0.530). 
As far as early headgear treatment as means of prophylaxis for dental trauma is concerned, moderate to low 
quality of evidence supports a protective role of headgear (Table 5). The magnitude of this effect ranges from 
moderate (RR=0.68 for the combined duration of phase 1 and phase 2 treatment) to large (RR=0.34 for the duration 
of phase 2 treatment) and should be interpretated by weighing the pros and cos for each specific patient individually. 
Although the mean cost for trauma rehabilitation is smaller for patients treated with headgear than untreated ones 
(19.7$ compared to 60.6$; almost exclusively minor traumata observed), it is still minor and comes nowhere near 
the average fees of an orthodontic treatment (39). Additionally, many factors have been reported to influence the 
incidence of dental trauma including patient sex, age, obesity, bullying, sports activities, as well oral factors like lip 
competence and overjet (40-42), although overjet was not found to be correlated with trauma in the two included 
trials (39, 43). Using the overall trauma prophylaxis effect (RR=0.68) to calculate the NNT for an average Class II 
patient (trauma risk=33.3%; average of included trials) or a high-risk basketball-playing patient [trauma risk=55.4% 
(44)], we would avoid an extra incidence of dental trauma for each 9 average patients or 6 high-risk patients treated 
early with headgear.  
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No apparent effect of headgear on the post-treatment incidence of temporomandibular joint pain could be 
identified (Table 3), which agrees with cross-sectional data (45). Although headgear had a slight protective role, 
lowering the risk of joint pain for both asymptomatic patients and patients with pre-treatment joint pain, this effect 
was not statistically significant. It has been suggested, that a backward translation of the maxilla through headgear, 
with the subsequent compensatory retraction of the mandible by the muscles can put distal pressure on the condyles 
and cause an anterior dislocation of the disc (46). However, this could not be confirmed from the results of this 
review, where a slight joint-protective effect (RR=0.54) was found by headgear [although this was was not 
comparable to the improvement seen by anterior repositioning of the mandible with functional appliances (47)].  
Limited evidence on the long-term results of headgear treatment indicated that the initial skeletal 
improvement diminished somewhat after phase 2 comprehensive treatment for both the SNA angle (MDs of -
1.63°/year and -0.14°/year in the short- and long-term, respectively) and the Co-A & Nperp-A distance (SMDs of -
0.61/year and -0.46/year in the short- and long-term, respectively), but remained statistically significant. The 
stability of the headgear effect is an important issue that has been heavily debated. It has been reported that relapse 
occurs to headgear patients after treatment (48), which is dental in nature, and was more probable in patients without 
retention (42% of patients without retention and 32% of patients with retention).  
Finally, the results of headgear treatment are heavily dependent on patient compliance, which was assessed 
only subjectively in a small number of the included trials. Studies that evaluated the duration of headgear wearing 
have indicated that most patients do not comply with their appliance-wearing recommendations, especially when 
asked to wear these for prolonged times (49), and that clinicians are poor judges of compliance levels (50, 51). As 
only subjective measurements of headgear compliance were available and these have been shown to be unreliable, 
future studies utilizing objective electronic compliance measurement methods (52) would be useful to establish a 
dose and response on headgear treatment. 
 
Strengths and limitations 
The strengths of this systematic review include the extensive unrestrictive literature search, the robust review 
procedures, and the use of raw trial data in the analyses. Finally, this review was registered a priori, did not include 
biased retrospective trials, provided quantitative data for all included studies, and assessed the quality of evidence 
with the GRADE approach, while the robustness of the results to of bias was checked through sensitivity analyses. 
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 However, some limitations are also present in this study. First and foremost, this systematic review could 
potentially suffer from the “garbage in, garbage out” principle. This pertains to the fact that the quality of existing 
trials on headgear is problematic, while mainly non-randomized trials exist. This might potentially influence the 
magnitude and direction of observed effects (12, 53, 54). Furthermore, additional outcome data from trialists could 
not be obtained, apart from three trials with already-provided data. Moreover, the effect of headgear could not be 
assessed in conjunction with (a) growth stage, (b) inclination of the outer bows, (c) patient compliance, and (d) 
retention scheme, although originally planned. Finally, the limited number of included trials precluded robust 
assessments of heterogeneity, subgroup analyses, small-study effects and reporting biases for most of the outcomes. 
 
Conclusions 
Based on high quality evidence, headgear treatment is associated with a short-term reduction of the SNA angle, 
which is independent of measurement specifities of the subspinale and is proportional to the degree of the initial 
discrepancy in the SNA angle. Therefore, headgear might seem like a viable and effective treatment option for the 
management of Class II malocclusion with maxillary prognathism. Based on evidence of moderate quality, 
treatment with headgear might decrease the risk of dental trauma during the subsequent years, so this should be 
taken into account when planning the Class II treatment of patients in high risk of dental trauma. The effect of 
headgear on the maxillary rotation, the nasolabial angle, the reduction in PAR scores, and signs of 
temporomandibular disorders could not be robustly assessed, due to limited evidence of low quality. 
 
Recommendations for further research 
Parallel randomized controlled trials or well-designed prospective non-randomized trials with blinded outcome 
assessment are needed in order to robustly assess the effects of headgear treatment for Class II malocclusion, 
especially in the long-term. Primary focus should be thrown into objective measurements of therapeutic effects (like 
patient satisfaction and quality of life, the quality of final occlusion measured with the American Board of 
Orthodontics Objective Grading System, treatment duration, and relapse) or adverse effects (including effect on 
upper airways, signs of temporomandibular disorders, root resorption, oral discomfort, functional impairment, and 
cost of treatment). 
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Supplementary material 
Supplementary material are available at European Journal of Orthodontics online. 
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Figure legends 
Figure 1. Flowdiagram for the identification and selection of studies. 
 
. 
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Figure 2. Risk of bias in the included randomized (left) and non-randomized (right) trials. For the assessment of randomized trials (left), the colors 
indicate: low risk of bias (green), high risk of bias (red) or unclear risk of bias (yellow). For the assessment of non-randomized trials (right), 
the colors indicate: low risk of bias (green), moderate risk of bias (moderate), serious risk of bias (red), critical risk of bias (black) or unclear 
risk of bias, due to not adequate information (yellow). The numbers indicate possible domain of bias for non-randomized trials: 1. Bias due 
to confounding; 2. Bias in selection of participants into the study; 3. Bias in measurement of interventions; 4. Bias due to departures from 
intended interventions; 5. Bias due to missing data; 6. Bias in measurement of outcomes; 7. Bias in selection of the reported result. 
 
. 
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Figure 3. Contour-enhanced forest plot for the meta-analysis of the primary outcome (difference of the annualized SNA angle change between the 
headgear and the control groups). Contours indicate increasing effect magnitude from the middle line-of-no-effect outwards (±1.7°, ±2.4°, 
±3.7° used as cut-offs to indicate moderate, large, and very large effects). Studies to the left indicate that the SNA angle in headgear 
patients is reduced annually compared to untreated patients. MD, mean difference; CI, confidence interval; adj, adjusted effect estimate 
from regression of raw data; PrI, predictive interval. 
 
. 
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Table 1. Design and patient characteristics of the included studies. M/F, male/female; yrs, years; uuCT, non-randomized clinical trial with unclear intervention and 
unclear control group; RCT, randomized controlled trial; pcCT; non-randomized clinical trial with prospective intervention and concurrent control group; uhCT; non-
randomized clinical trial with unclear intervention and historical control group; phCT, non-randomized clinical trial with prospective intervention and historical control 
group; Exp, experimental group; Ctr, control group; Cl. II, Class II; OJ, overjet; OB, overbite; PPG, pubertal peak growth; HWR, hand-wrist radiograph; NR, not 
reported; CVM, cervical vertebrae maturation; LFH, lower face height; AOB, anterior open bite; MPA, mandibular plane angle. 
No Trial Setting Sample size (M/F) Mean age (yrs) Sagittal status Vertical status Growth status 
 
Headgear alone 
1 Altug 2004* uuCT; university; Turkey 
Exp: 30 (15/15) 
Ctr: 17 (7/10) 
Exp: 12.9 
Ctr: 12.6 
Cl.II/1; OJ≥4.0mm OB:2-5mm 90% after PPG (HWR) 
2 
Fernandes 
2007** 
RCT; university; Brazil 
Exp: 19 (10/9) 
Ctr: 20 (13/7) 
Exp: 10.0 
Ctr: 9.9 
Cl.II/1; Cl. II molar; OJ≥6mm; 
ANB≥ 4.0° 
NR 
prior to PPG 
(HWR&CVM) 
3 Firouz 1992 pcCT; university; USA 
Exp: 12 (NR) 
Ctr: 12 (NR) 
NR 
Cl.II; 1/2-1 cusp; interlabial gap≥ 
2.0mm 
Increased LFH 
skel. age: 9.5-12.5 
(HWR) 
4 Henriques 2004 uhCT; university; Brazil 
Exp1: 25 (13/12) 
Exp2: 25 (13/12) 
Ctr: 25 (13/12) 
Exp1: 9.7 
Exp2: 10.5 
Ctr: 10.1 
Cl.II/1 
vertical growth 
pattern 
NR 
5 
Jakobsson 
1967** 
pcCT; university; Sweden 
Exp: 19 (NR) 
Ctr: 19 (NR) 
Overall*: 8.5 Cl.II/1 NR NR 
6 Keeling 1995*,** RCT; university; USA 
Exp: 81 (46/35) 
Ctr: 74 (46/28) 
Exp: 9.7 
Ctr: 9.5 
Cl.II; bil. 1/2 cusp (or equivalent); 
OJ>0mm; skel NR 
OB>0mm NR 
7 
Kocadereli 
1992* 
uuCT; university; Turkey 
Exp: 14 (8/6) 
Ctr: 12 (4/8) 
Exp: 9.9 
Ctr: 9.9 
Cl. II NR Growing 
8 
Mäntysaari 
2004* 
RCT; university; Finland Exp/Ctr: 68 (40/28) Exp/Ctr: 7.6 
Cl.II tendency (20% full Cl.II); 
moderate crowding 
NR NR 
9 Nahas 2003*,** phCT; university; Brazil 
Exp: 25 (10/15) 
Ctr: 31 (22/9) 
Exp: 10.3 
Ctr: 9.1 
Cl.II/1 NR NR 
10 Ölmez 1994 pcCT; university; Turkey 
Exp: 20 (11/9) 
Ctr: 20 (12/8) 
Exp: 10.7 
Ctr: 10.8 
Cl.II/1 NR NR 
11 Paulin 2004* phCT; university; Brazil 
Exp: 15 (2/13) 
Ctr: 15 (8/7) 
Exp: 8.4 
Ctr: 6.0/9.0/12.0 
Cl.II/1; vertical component 
AOB; vertical 
pattern 
NR 
12 Pires 2003 uuCT; university; Brazil Overall: 30 (20/10) Overall: 10.0 Cl.II/1; maxillary excess NR NR 
13 Ritter 2002 RCT; university; Brazil 
Exp: 10 (7/3) 
Ctr: 10 (6/4) 
Exp: 10.0 
Ctr: 9.7 
Cl.II; OJ>7mm NR prior to PPG 
14 Tosun 1991 phCT; university; Turkey 
Exp: 30 (10/20) 
Ctr: 24 (12/12) 
Exp: 9.7 
Ctr: 9.3 
Cl.II/1; ANB≥ 4.0° 
NR SN-Go/Gn 
32°  
NR 
15 Tulloch 1997*,** RCT; university; USA 
Exp: 52 (31/29) 
Ctr: 61 (35/26) 
Exp: 9.4  
Ctr: 9.4 
Cl. II; OJ≥7mm; skel NR 
no extreme 
problems 
1yr prior to PPG (HWR) 
16 Ulgen 1991* uuCT; university; Turkey 
Exp: 10 (4/6) 
Ctr: 10 (5/5) 
Exp: 9.0 
Ctr: 9.5 
Cl.II/1 NR NR 
17 Zhang 2010** uuCT; university; China 
Exp: 20 (10/10) 
Ctr: 20 (9/11) 
Exp: 8.4 
Ctr: 8.3 
Cl.II/1 deepbite 
growing patients (prior 
to PPG) 
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  Headgear plus fixed orthodontic appliances 
1 Kumar 2013 uuCT; university; India 
Exp: 30 (30/0) 
Ctr: 25 (25/0) 
Exp: 11.0 
Ctr: 11.0 
Cl.II; Cl. II molars; AND:4.5-6° MPA 17-25° Matched by CVM 
* multiple published reports collated 
** trial groups/data omitted as non-relevant 
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Table 2. Headgear characteristics of the included studies. HG, headgear; hr, hour; mo, month; Rad. magn., radiographic magnification; Ret, retention scheme; combi, 
combi-headgear; BiP, biteplane; cR, center of resistance; NR, not reported; Exp, experimental group; Ctr, control group; hp, high-pull headgear; M1, upper first molar; 
SS, stainless steel; TPA, transpalatal arch; Clin, clinical assessment of headgear compliance; Bd, bands; OP, occlusion plane; cer, cervical headgear. 
AA Trial HG Intraoral appliance Outer bow inclination 
Force/side; hrs wear 
(instructed) 
Compliance 
Active phase 
(mos) 
Rad. magn. Ret 
 
Headgear alone 
1 Altug 2004* combi BiP+ screw upward (maxillary cR) 900gm; NR NR 
Exp: 6.0 
Ctr: 12.0 
NR NR 
2 
Fernandes 
2007** 
hp BiP upward (M1 furcation) 400gm; 10hrs/day NR 
Exp: 12.0 
Ctr: 12.0 
NR NR 
3 Firouz 1992 hp 
0.032x0.032“ SS 
welded TPA 
parallel; furcation of M1 500gm; 12hrs/day 
Diary & 
Clin 
Exp: 6.0 
Ctr: NR 
NR NR 
4 
Henriques 
2004 
hp 
Exp1: BiP + screw 
Exp2: Bd 
upwards (45° to OP) 
350-500gm; 14-
16hrs/day 
Clin 
Exp1: 16.9 
Exp2: 15.8 
Ctr: 16.2 
Exp: 6%-9.8% 
Ctr: 6% 
half of the 
active phase 
(nights) 
5 
Jakobsson 
1967** 
cer Bd NR 13-14hrs NR Exp: 18.0 NR NR 
6 
Keeling 
1995*,** 
cer or hp 
(MPA≤ or 
>40°) 
Bd & BiP slightly upward 454gm; 14hrs/day Clin 
Exp: 25.2 
Ctr: 26.4 
NR 10hrs/day 
7 
Kocadereli 
1992* 
combi Bd & BiP NR 
up to 500gm; 16-
18hrs/day 
NR 
Exp: 12.1 
Ctr: 10.8 
NR NR 
8 
Mäntysaari 
2004* 
cer Bd 10° upward & expanded 
350-500gm; 8-
10hrs/day 
NR Exp/Ctr: 16.2 NR NR 
9 
Nahas 
2003*,** 
hp Bd upward (M1 furcation) 400gm; 15hrs/day Clin Exp: 19.0 
Exp: 
9.8%/10.9% 
Ctr: 9.8% 
NR 
10 Ölmez 1994 hp BiP 40° upwards 300gm NR 
Exp: 6.0 
Ctr: 6.0 
NR NR 
11 Paulin 2004* hp 
Thurow (BiP with 
crib) 
(NR/upward) 
400gm; 6 mos 
14hrs/day & 6 mos 
10hrs/day 
NR Exp: 12.00 
Exp: 10.0% 
Ctr: 9.8% 
NR 
12 Pires 2003 hp 
Exp1: BiP + screw 
(force anterior) 
Exp2: BiP + screw 
(force posterior) 
(NR/upward) 
Exp1: at M1 
Exp2: 20°; maxillary cR 
500-700gm; 
>20hrs/day 
NR 
Exp1: 14.7 
Exp2: 15.0 
Ctr: 8.6 
NR NR 
13 Ritter 2002 hp BiP (NR/upward posterior bent) 400gm; 8hrs/day NR Exp/Ctr: 12.0 NR NR 
14 Tosun 1991 hp Bd 15° downwards 
400-600gm; 
16hrs/day 
NR 
Exp: 9.9 
Ctr: 18.0 
NR 3mos (nights) 
15 
Tulloch 
1997*,** 
combi Bd 
supershort outer bow; 
ending mesial to M1 
227-283gm; at night 
Diary & 
Clin 
Exp: 15.0 
Ctr: 15.0 
Compared to 
Keeling 1995 
some continued 
Tx 
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16 Ulgen 1991* cer Bd NR 
500-600gm; 13-
14hrs/day 
NR 
Exp: 23.4 
Ctr: 22.4 
NR NR 
17 
Zhang 
2010** 
cer Bd 20° upwards & expanded 450gm; 12hrs/day NR 
Exp: 18.2 
Ctr: 16.8 
NR NR 
                    
  Headgear plus fixed orthodontic appliances 
1 Kumar 2013 cer Fixed appliances 15° upwards 350gm; 14-16hrs/day 
Diary & 
Clin 
Exp: 12.0 
Ctr: 11.0 
NR NR 
* multiple published reports collated 
** trial groups/data omitted as non-relevant 
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Table 3. Details of the performed meta-analyses. CI, confidence interval; PrI, predictive interval; UI, uncertainty interval; Ph1, phase 1 (headgear 
treatment/observation); MD, mean difference; SMD, standardized mean difference; yr, year; PAR, peer assessment review; RR, relative risk; Ph2, phase 2 (fixed 
appliance treatment following headgear treatment/ observation). 
Outcome Timepoint Studies Metric Effect (95% CI) P 95% PrI I2 (95% UI) t2 
Ph1 
SNA after Ph1 12* MD -1.63 (-2.20,-1.06) <0.001 -3.76, 0.44 88% (81%, 92%)** 0.80 
SN-NL & FH-NL after Ph1 12* SMD 0.54 (0.09, 1.00) 0.019 -1.17, 2.26 91% (87%, 93%)*** 0.54 
 
after Ph1+1yr 1 SMD -0.18 (-0.48, 0.12) 0.235 - - - 
Co-A & Nperp-A after Ph1 8* SMD -0.61 (-0.95, -0.26) 0.001 -1.69, 0.48 75% (40%, 86%)** 0.17 
Nasolabial angle after Ph1 4* MD 0.57 (-0.58, 1.72) 0.329 -1.95, 3.10 0% (0%, 68%) 0 
 
after Ph1+4yr 1 MD 0.55 (-0.45,1.55) 0.280 - - - 
 
after Ph1+8yr 1 MD 0.06 (-0.43, 0.55) 0.809 - - - 
PAR index after Ph1+1yr 1 MD -5.30 (-8.77, -1.83) 0.003 - - - 
 
after Ph1+8yrs 1 MD 0.26 (-2.91, 3.43) 0.872 - - - 
 
after Ph1+13yrs 1 MD -1.96 (-6.04, 2.12) 0.347 - - - 
New incisor trauma during Ph1 2 RR 0.80 (0.42, 1.49) 0.475 - 0% (-) - 
Joint pain; initially none after Ph1 1 RR 0.54 (0.23, 1.25) 0.149 - - - 
Joint pain; initially existing after Ph1 1 RR 0.85 (0.48, 1.49) 0.561 - - - 
         
Ph1 followed by Ph2 
SNA after Ph2 1 MD -0.14 (-0.26,-0.02) 0.027 - - - 
SN-NL & FH-NL - - - - - - - - 
Co-A & Nperp-A after Ph2 2 SMD -0.46 (-0.75, -0.17) 0.002 - 22% (-) - 
Nasolabial angle after Ph2 1 MD 0.46 (-0.17, 0.61) 0.282 - - - 
PAR index after Ph2 2 MD -0.69 (-2.83, 1.46) 0.530 - 0% (-) - 
New incisor trauma during Ph2 2 RR 0.34 (0.14, 0.80) 0.014 - 0% (-) - 
 
start Ph1-end Ph2 1 RR 0.68 (0.39, 1.17) 0.159 - - - 
Joint pain; initially none - - - - - - - - 
Joint pain; initially existing - - - - - - - - 
* Pooled trial arms included. 
** High heterogeneity identified, which could not be explained by subgroup analyses; however, it might affect only the precise estimation of the effect magnitude, not our 
decision about the direction of headgear’s effect (i.e. all studies lie on the same side of the forest plot). 
*** High heterogeneity identified, which could not be explained by subgroup analyses and could not be alleviated by excluding one or two imprecise studies. Heterogeneity 
could influence our decision about the direction of the headgear’s effect (i.e. all studies on both sides of the forest plot). Some variation across studies can be explained by 
small-study effects (i.e. small/imprecise studies show exaggerated headgear effects). Caution is warranted in the interpretation of this outcome.
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Table 4. GRADE summary of findings table for the main outcomes of the systematic review directly after treatment with headgear (phase 1). CI, confidence 
interval; HG, headgear; yr, year; MD, mean difference; SD, standard deviation; SMD, standardized mean difference. 
Patients: receiving treatment for Class II malocclusion 
Settings: university clinics (Brazil, China, Finland, Sweden, Turkey, USA) 
Intervention: extraoral traction with the headgear appliance 
Comparison: no treatment 
  Anticipated absolute effects   
Outcomes, no of participants (studies) 
Relative effects 
(95% CI) 
Observation HG Difference 
Quality of the evidence 
(GRADE) 
What happens 
SNA angle 
Follow-up: 0.5-2.0 yrs 
607 patients (12 studies) 
MD -1.63 
(-2.20 to -1.06) 
0.33°/yr 
increase 
- 
1.30°/yr decrease 
(0.73 to 1.87 decrease) 
⊝⊝⊝⊝ very lowa,b,c 
risk of bias and inconsistency 
Probably 
decreases the SNA 
angle 
SN-NL & FH-NL angle 
(translated to SN-NL; mean SD 1.12) 
Follow-up: 0.5-2.1 yrs 
667 patients (12 studies) 
SMD 0.54 
(0.09 to 1.00) 
0.16°/yr 
Increase 
- 
0.60°/yr increase 
(0.10 to 1.12 increase) 
⊝⊝⊝⊝ very lowa,b,d 
risk of bias, inconsistency, 
and reporting bias 
Probably increases 
the SN-NL angle 
Co-A & Nperp-A distance 
(translated to Nperp-A; chosen SD 1.17) 
Follow-up: 0.5-1.6 yrs 
427 patients (8 studies) 
SMD -0.61 
(-0.95 to -0.26) 
2.11mm/yr 
increase 
- 
0.71mm/yr decrease 
(0.30 to 1.11 decrease) 
⊝⊝⊝⊝ very lowa,b 
risk of bias and inconsistency 
Probably 
decreases the 
Nperp-A distance 
Nasolabial angle 
Follow-up: 1.3-2.0 yrs 
287 patients (4 studies) 
MD 0.57 
(-0.58 to 1.72) 
1.38°/yr 
increase 
- 
1.95°/yr increase 
(0.80 to 3.10 increase) 
⊝⊝⊝⊝ very lowa 
risk of bias 
There may be little 
or no difference in 
nasolabial angle 
aStarts from “low”, due to the vast inclusion of non-randomized studies. Further downgraded by one, due to serious risk of bias from serious methodologic limitations. 
bHigh heterogeneity, which could not be explained by subgroup analysis, while our confidence regarding decision is affected by it (trials on both sides of the forest plot). 
cSigns of dose-response effectiveness (increased maxillary growth retardation with increased baseline discrepancy) and robustness after elimination of confounding (adjusted and 
unadjusted estimates were very similar) were found. However, we did not upgrade, as risk of bias and inconsistency exist. 
dSigns of reporting bias (small-study effects) identified through Egger test. Small/imprecise studies tend to report greater treatment effects for headgear. 
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Table 5. GRADE summary of findings table for the main outcomes of the systematic review after treatment with headgear (phase 1) and after a subsequent fixed 
appliance treatment (phase 2). 
CI, confidence interval; HG, headgear; PAR, peer assessment rating; yr, year; MD, mean difference; RR, relative risk; TMJ, temporomandibular joint; Ph1, phase 1 
(headgear treatment/observation); Ph2, phase 2 (fixed appliance treatment following headgear treatment/ observation). 
Patients: receiving treatment for Class II malocclusion 
Settings: university clinics (Brazil, China, Finland, Sweden, Turkey, USA) 
Intervention: extraoral traction with the headgear appliance (phase 1) followed by a subsequent comprehensive treatment with fixed orthodontic appliances (phase 2) 
Comparison: no treatment/observation (phase 1) followed by a subsequent comprehensive treatment with fixed orthodontic appliances (phase 2) 
  Anticipated absolute effects   
Outcomes 
Follow-up 
No of participants (studies) 
Relative effects 
(95% CI) 
Observation HG Difference 
Quality of the evidence 
(GRADE) 
What happens 
PAR reduction (Ph 2) 
Follow-up: 3.8-4.8 yrs 
240 patients (1 study) 
MD -0.69 
(-2.83 to 1.46) 
19.55 points 
reduction 
- 
20.24 points reduction 
(18.1 to 22.4 points reduction) 
⊕⊕⊕⊝ moderatea  
risk of bias 
There may be little 
or no difference in 
PAR reduction 
Incidence of dental trauma (Ph2) 
Follow-up: 1.7-2.5 yrs 
220 patients (2 studies) 
RR 0.34 
(0.14 to 0.80) 
17.2% 
5.8% 
(2.4 to 13.8) 
11.4% fewer patients 
(3.4 to 14.8 fewer) 
⊕⊕⊕⊝ moderatea  
risk of bias 
Probably decreases 
the incidence of 
dental trauma 
Incidence of dental trauma 
(start Ph1-end Ph2) 
Follow-up: 4.8 yrs 
140 patients (1 study) 
RR 0.68 
(0.39 to 1.17) 
33.3% 
22.6% 
(13.0 to 39.0) 
10.7% fewer patients 
(20.3 fewer to 5.7 more) 
⊕⊕⊝⊝ lowa, b 
risk of bias and imprecision 
May decrease the 
incidence of dental 
trauma 
Incidence of new TMJ pain (Ph1) 
Follow-up: 2.1 yrs 
83 patients (1 study) 
RR 0.54 
(0.23 to 1.25) 
28.9% 
15.6% 
(6.6 to 36.1) 
13.3% fewer patients 
(22.3 fewer to 7.2 more) 
⊕⊕⊝⊝ lowa, b 
risk of bias and imprecision 
May decrease the 
incidence of TMJ 
pain 
Incidence of TMJ pain 
In patients with existing pain (Ph1) 
Follow-up: 2.1 yrs 
48 patients (1 study) 
RR 0.85 
(0.48 to 1.49) 
54.5% 
46.3% 
(26.2 to 81.2) 
8.2% fewer patients 
(28.3 fewer to 26.7 more) 
⊕⊕⊝⊝ lowa, b 
risk of bias and imprecision 
May eliminate 
existing TMJ pain 
aDowngraded by one point, due to high risk of bias in one randomized trial. 
bDowngraded by one point, due to inadequate sample; the 95% CI includes both the null effect and large effect values, which indicates imprecision. 
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Supplementary Data. Additional details of the review’s methodology. 
Data transformations 
 Data from studies reporting pre- and post-treatment data for the experimental and control groups, 
but not treatment-induced changes were transformed to increments, appropriately [Higgins and 
Green, 2011]. The pre-post correlations were calculated for each outcome and each group 
separately from the available raw data. The following pre-post correlations were adopted: 0.88 
(sagittal skeletal variables - headgear); 0.96 (sagittal skeletal variables - control); 0.75 (sagittal 
soft-tissue variables - headgear); 0.78 (sagittal soft-tissue variables - control); 0.04 (PAR index - 
headgear); 0.01 (PAR index - control). 
 Data reported as medians and interquartile ranges were assumed to be non-normal only due to 
small sample of the corresponding trial and were transformed to means and Standard Deviations 
(SDs). 
 All cephalometric outcomes were converted to annualized changes in the headgear and control 
group according to the mean treatment/observation duration. 
 Multiple intervention groups within included trials were pooled prior to meta-analysis of the overall 
treatment effects appropriately, in order to avoid double-counting the control patients and 
introducing bias. The pooled trial estimates were used for the overall treatment effects and 
sensitivity analyses the unpooled estimates were used for the investigation of sources of 
heterogeneity. 
 Linear cephalometric measurements were planned to be transformed to a common scale across 
included trials by using the reported magnification factors of each study. This was rendered 
however void, as standardized effect sizes (which are not absolute, but rather relative measures 
  
based on the pooled SD of the trial) were used in the final analysis to combine two similar linear 
measurement. 
 
 
Effect magnitude and sample size calculations 
The minimal clinical important, large, and very large effects were conventionally defined [Norman et al., 
2003] as half, one, and two SDs, respectively, plus 1° for the measurement error of cephalometric 
measurements. The standard deviation for an outcome was averaged from the existing trials. 
Conventional cut-offs of 0.5, 0.8, and 1.3 were adopted for the Standardized Mean Difference (SMD). 
Conventional cut-offs of 2.0, 4.0, and 8.0 were adopted for the Relative Risk. 
 
Therefore, the following effect magnitudes in the order minimal clinical important effect, large effect, and 
very large effect were assumed for each outcome: 
 SNA angle (average SD of 1.34): MDs of 1.7, 2.4, and 3.7, 
 SN-NL & FH-NL angle: SMDs of 0.5, 0.8, 1.3, 
 Co-A & Nperp-A: SMDs of 0.5, 0.8, 1.3, 
 Nasolabial angle (average SD of 2.99): MDs of 2.5, 4.0, and 7.0, 
 Peer Assessment Rating (average SD of 9.88): MDs of 4.9, 9.9, and 19.8.  
 
Finally, the optimal information size (i.e. required meta-analysis sample size) was calculated for each 
outcome independently in order to detect a minimal clinical difference between two parallel groups with an 
independent t-test or a chi-square test at α = 5% and β = 20%. 
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Post hoc changes to the protocol 
 Several subgroup analyses were planned, but could not be performed due to the limited number 
of trials included in the meta-analyses. 
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Supplementary Table 1. Details of the inclusion/exclusion criteria used in this systematic review. PAR, peer assessment rating; ICON, index 
of complexity, outcome and need; ABO, American board of orthodontics. 
Domain Inclusion Exclusion 
Participants Human Class II patients 
Animal studies 
Studies without Class II patients 
Interventions 
 Any kind of headgear attached intraorally at band or 
biteplane tubes 
 Any kind of headgear combined to a fixed orthodontic 
appliance (but only if the control group received also 
the same orthodontic appliance without the headgear) 
 Combination of headgear and functional appliance 
 Combination of headgear and mandibular partial 
appliances (utility arch, lip bumper, etc)  
Comparisons Class II untreated patients Class I untreated patients 
Outcome (primary) 
 Skeletal effects of headgear treatment 
 Effectiveness of headgear to improve malocclusion 
(PAR, ICON, ABO indeces, etc) 
 Effect of headgear treatment on quality of life 
 Adverse effects (effect on upper airways, 
temporomandibular disorders, root resorption, dental 
trauma, etc) 
 Dental effects of headgear 
Study design 
 Parallel randomized controlled trials 
 Parallel prospective non-randomized controlled trials 
 Retrospective clinical studies 
 Case reports/ case series 
 Non-clinical studies (in vitro, ex vivo, in silico, etc) 
 Systematic reviews (checked for additional studies) 
. 
  
Supplementary Table 2. The electronic databases searched, the search strategy used, and the corresponding results (as of December 12th, 
2015). 
 
Search strategy Limits 
 
MEDLINE (via PuMed) 
(http://pubmed.gov/) 
((orthodon* AND headgear AND "Class II" AND (control OR 
untreated OR observ* OR "no treatment"))) NOT 
retrosp*[Title/Abstract]  
 
120 
orthodon* AND (headgear OR "extraoral traction") 
Randomized Controlled 
trial 
81 
Web of Knowledge 
(http://www.webofknowledge.com/) 
TOPIC: (orthodon* AND headgear AND (control OR untreated) 
AND "Class II") NOT TOPIC: (retrosp*)  
79 
TOPIC: orthodon* AND (headgear OR "extraoral traction") AND 
TOPIC: random*  
80 
Cochrane Library 
(http://www.cochranelibrary.com/) 
orthodon* AND headgear AND "Class II" AND (control OR 
untreated OR observ*) in Title, Abstract, Keywords not retrosp* in 
Title, Abstract, Keywords 
 
48 
orthodon* AND (headgear OR "extraoral traction") AND random* 
 
74 
Scopus 
(http://www.scopus.com/ 
orthodon* AND headgear AND "Class II" AND (control OR 
untreated OR observ*) NOT retrosp* 
 
125 
orthodon* AND (headgear OR "extraoral traction") AND random* 
 
131 
Virtual Health Library 
(http://bvsalud.org/ /) 
orthodon* AND headgear AND "Class II" AND (control OR 
untreated OR observ*)  
 
55 
orthodon* AND (headgear OR "extraoral traction") AND random* 
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Supplementary Table 3. List of studies excluded/included in the systematic review, together with reasons. 
Nr Paper Decision 
Papers excluded by title 
1 
Acar AG, Gursoy S, Dincer M. Molar distalization with a pendulum appliance K-loop combination. Eur J Orthod 
2010;32(4):459-65. Epub 2010/03/17. 
Excluded by title. 
2 
Almeida MA, Phillips C, Kula K, Tulloch C. Stability of the palatal rugae as landmarks for analysis of dental casts. 
The Angle orthodontist. 1995;65(1):43-8. Epub 1995/01/01. 
Excluded by title. 
3 
Almeida RRd. Estudo cefalométrico prospectivo do tratamento da mordida aberta anterior utilizando aparelho 
removível com grade palatina, associado à mentoneira [Prospective cephalometric study of anterior open bite 
treatment with removable appliance with palatal crib associated to chincup.168-. 
Excluded by title. 
4 
Armi P, Cozza P, Baccetti T. Effect of RME and headgear treatment on the eruption of palatally displaced canines: 
a randomized clinical study. The Angle orthodontist. 2011;81(3):370-4. Epub 2011/02/09. 
Excluded by title. 
5 
Baccetti T, Leonardi M, Armi P. A randomized clinical study of two interceptive approaches to palatally displaced 
canines. Eur J Orthod 2008;30(4):381-5. Epub 2008/06/06. 
Excluded by title. 
6 
Basha AG, Shantaraj R, Mogegowda SB. Comparative Study Between Conventional En-Masse Retraction (Sliding 
Mechanics) and En-Masse Retraction Using Orthodontic Micro Implant. Implant Dentistry. 2010;19(2):128-36. 
Excluded by title. 
7 
Benson PE, Tinsley D, O'Dwyer JJ, Majumdar A, Doyle P, Sandler PJ. Midpalatal implants vs headgear for 
orthodontic anchorage - a randomized clinical trial: Cephalometric results. American Journal of Orthodontics and 
Dentofacial Orthopedics. 2007;132(5):606-15. 
Excluded by title. 
8 
Bogerd CP, Walker I, Bruhwiler PA, Rossi RM. The effect of a helmet on cognitive performance is, at worst, 
marginal: a controlled laboratory study. Applied ergonomics. 2014;45(3):671-6. Epub 2013/10/26. 
Excluded by title. 
9 
Bondemark L, Karlsson I. Extraoral vs intraoral appliance for distal movement of maxillary first molars: a 
randomized controlled trial. The Angle orthodontist. 2005;75(5):699-706. Epub 2005/11/11. 
Excluded by title. 
10 
Braham RA, Finch CF, McIntosh A, McCrory P. Community football players' attitudes towards protective 
equipment--a pre-season measure. British journal of sports medicine. 2004;38(4):426-30. Epub 2004/07/27. 
Excluded by title. 
11 
Braham RA, Finch CF. Do community football players wear allocated protective equipment? Descriptive results 
from a randomised controlled trial. Journal of science and medicine in sport / Sports Medicine Australia. 
2004;7(2):216-20. Epub 2004/09/15. 
Excluded by title. 
12 
Breuning KH, van Strijen PJ, Prahl-Andersen B, Tuinzing DB. Duration of orthodontic treatment and mandibular 
lengthening by means of distraction or bilateral sagittal split osteotomy in patients with Angle Class II 
malocclusions. American Journal of Orthodontics and Dentofacial Orthopedics. 2005;127(1):25-9. 
Excluded by title. 
13 
Burhan AS. Combined treatment with headgear and the Frog appliance for maxillary molar distalization: a 
randomized controlled trial. Korean Journal of Orthodontics. 2013;43(2):101-9. 
Excluded by title. 
14 
Cassis MA. Tratamento da mordida aberta anterior com esporão colado e mentoneira: estudo comparativo dos 
efeitos dentoalveolares e esqueléticos [Anterior open bite treated with bonded spurs appliance and high-pull 
chincup therapy: comparative study of dentoalveolar and skeletal effects.205-. 
Excluded by title. 
15 Chate RAC. Do we really want a quick fix? British Dental Journal. 2000;188(4):177-86. Excluded by title. 
16 
Chen M, Li Z-M, Liu X, Cai B, Wang D-W, Feng Z-C. Differences of treatment outcomes between self-ligating 
brackets with microimplant and headgear anchorages in adults with bimaxillary protrusion. American Journal of 
Orthodontics and Dentofacial Orthopedics. 2015;147(4):465-71. 
Excluded by title. 
17 
Cozza P, Mucedero M, Baccetti T, Franchi L. Early orthodontic treatment of skeletal open-bite malocclusion: A 
systematic review. Angle Orthodontist. 2005;75(5):707-13. 
Excluded by title. 
18 
de Almeida MR, Herrero F, Fattal A, Davoody AR, Nanda R, Uribe F. A comparative anchorage control study 
between conventional and self-ligating bracket systems using differential moments. Angle Orthodontist. 
2013;83(6):937-42. 
Excluded by title. 
19 
Feldmann I, Bondemark L. Anchorage capacity of osseointegrated and conventional anchorage systems: a 
randomized controlled trial.Am J Orthod Dentofac Orthop 2008;133(3):339 e19-28. Epub 2008/03/12. 
Excluded by title. 
20 
Feldmann I, List T, Bondemark L. Orthodontic anchoring techniques and its influence on pain, discomfort, and jaw 
function-a randomized controlled trial. Eur J Orthod 2012;34(1):102-8. 
Excluded by title. 
21 
Ferreira FPC. Estudo cefalométrico das alterações dentoesqueléticas produzidas pelo aparelho removível com 
grade palatina, associado à mentoneira, no tratamento da mordida aberta anterior [Cephalometric effects of the 
dentoskeletal alterations yielded by the removable appliance with tongue crib associated to chincap therapy on the 
tratment of anterior open bite.155-. 
Excluded by title. 
22 
Freire AB, do Nascimento LEAG, de Lira ALS. Effects induced after the use of maxillary protraction appliances: A 
literature review. Dental Press Journal of Orthodontics. 2012;17(4):122-8. 
Excluded by title. 
23 
Garfinkle JS, Cunningham LL, Jr., Beeman CS, Kluemper GT, Hicks EP, Kim MO. Evaluation of orthodontic mini-
implant anchorage in premolar extraction therapy in adolescents.Am J Orthod Dentofac Orthop 2008;133(5):642-
53. Epub 2008/05/06. 
Excluded by title. 
24 
Insoft M, King GJ, Keeling SD. The measurement of acid and alkaline phosphatase in gingival crevicular fluid 
during orthodontic tooth movement.Am J Orthod Dentofac Orthop 1996;109(3):287-96. Epub 1996/03/01. 
Excluded by title. 
25 
Iwai H, Motoyoshi M, Uchida Y, Matsuoka M, Shimizu N. Effects of tooth root contact on the stability of orthodontic 
anchor screws in the maxilla: Comparison between self-drilling and self-tapping methods. American Journal of 
Orthodontics and Dentofacial Orthopedics. 2015;147(4):483-91. 
Excluded by title. 
26 
Jambi S, Thiruvenkatachari B, O'Brien Kevin D, Walsh T. Orthodontic treatment for distalising upper first molars in 
children and adolescents. Cochrane Database of Systematic Reviews [Internet]. 2013; (10). Available from: 
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD008375.pub2/abstract. 
Excluded by title. 
27 Jambi S, Walsh T, Sandler J, Benson Philip E, Skeggs Richard M, O'Brien Kevin D. Reinforcement of anchorage Excluded by title. 
  
during orthodontic brace treatment with implants or other surgical methods. Cochrane Database of Systematic 
Reviews [Internet]. 2014; (8). Available from: 
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD005098.pub3/abstract. 
28 
Jarvinen S, Widstrom E, Raitio M. Factors affecting the duration of orthodontic treatment in children - A 
retrospective study. Swedish Dental Journal. 2004;28(2):93-100. 
Excluded by title. 
29 
Jarvinen S, Widstrom E. Determinants of costs of orthodontic treatment in the Finnish public health service. 
Swedish Dental Journal. 2002;26(1):41-9. 
Excluded by title. 
30 
Jung BA, Wehrbein H, Hopfenmuller W, Harzer W, Gedrange T, Diedrich P, et al. Early loading of plalatal implants 
(ortho-type II) a prospective multicenter randomized controlled clinical trial. Trials [Internet]. 2007:[24 p.]. Available 
from: http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/086/CN-00642086/frame.html. 
Excluded by title. 
31 
Kluemper GT, Beeman CS, Hicks EP. Early vs. late orthodontic treatment - Response. Journal of the American 
Dental Association. 2000;131(10):1410-+. 
Excluded by title. 
32 
Leonardi M, Armi P, Franchi L, Baccetti T. Two interceptive approaches to palatally displaced canines: a 
prospective longitudinal study. The Angle orthodontist. 2004;74(5):581-6. Epub 2004/11/09. 
Excluded by title. 
33 
Li F, Hu HK, Chen JW, Liu ZP, Li GF, He SS, et al. Comparison of anchorage capacity between implant and 
headgear during anterior segment retraction A Systematic Review. Angle Orthodontist. 2011;81(5):915-22. 
Excluded by title. 
34 
Ma J, Wang L, Zhang W, Chen W, Zhao C, Smales RJ. Comparative evaluation of micro-implant and headgear 
anchorage used with a pre-adjusted appliance system. Eur J Orthod 2008;30(3):283-7. Epub 2008/06/10. 
Excluded by title. 
35 
McIntosh AS, McCrory P, Finch CF, Best JP, Chalmers DJ, Wolfe R. Does padded headgear prevent head injury in 
rugby union football? Medicine and science in sports and exercise. 2009;41(2):306-13. Epub 2009/01/08. 
Excluded by title. 
36 
McIntosh AS, McCrory P, Finch CF, Chalmers DJ, Best JP. Rugby headgear study. Journal of science and 
medicine in sport / Sports Medicine Australia. 2003;6(3):355-8. Epub 2003/11/12. 
Excluded by title. 
37 
Meikle MC. What do prospective randomized clinical trials tell us about the treatment of Class II malocclusions? A 
personal viewpoint. Eur J Orthod 2005;27(2):105-14. 
Excluded by title. 
38 
Pandis N, Polychronopoulou A, Eliades T. Active or passive self-ligating brackets? A randomized controlled trial of 
comparative efficiency in resolving maxillary anterior crowding in adolescents.Am J Orthod Dentofac Orthop 
2010;137(1):12 e1-6; discussion -3. Epub 2010/02/04. 
Excluded by title. 
39 
Pietila I, Pietila T, Pirttiniemi P, Varrela J, Alanen P. Orthodontists' views on indications for and timing of 
orthodontic treatment in Finnish public oral health care. Eur J Orthod 2008;30(1):46-51. 
Excluded by title. 
40 
Polat-Ozsoy O, Gokcelik A, Gungor-Acar A, Kircelli BH. Soft tissue profile after distal molar movement with a 
pendulum K-loop appliance versus cervical headgear. The Angle orthodontist. 2008;78(2):317-23. Epub 
2008/02/07. 
Excluded by title. 
41 
Saleh M, Hajeer MY, Al-Jundi A. Assessment of pain and discomfort during early orthodontic treatment of skeletal 
Class III malocclusion using the Removable Mandibular Retractor Appliance. European Journal of Paediatric 
Dentistry. 2013;14(2):119-24. 
Excluded by title. 
42 
Sandler J, Benson PE, Doyle P, Majumder A, O'Dwyer J, Speight P, et al. Palatal implants are a good alternative to 
headgear: a randomized trial.Am J Orthod Dentofac Orthop 2008;133(1):51-7. Epub 2008/01/05. 
Excluded by title. 
43 
Sandler J, Murray A, Thiruvenkatachari B, Gutierrez R, Speight P, O'Brien K. Effectiveness of 3 methods of 
anchorage reinforcement for maximum anchorage in adolescents: A 3-arm multicenter randomized clinical trial.Am 
J Orthod Dentofac Orthop 2014;146(1):10-20. Epub 2014/07/01. 
Excluded by title. 
44 
Shi YT, Ping Y, Shan LH, Song JS, Qiu ZX. [Stability of mini-implant during orthodontic treatment as anchorage]. 
Journal of Clinical Rehabilitative Tissue Engineering Research [Internet]. 2008; (26):[5109-12 pp.]. 
Excluded by title. 
45 
Silva MMd, Caldas SGFR, Ribeiro AA, Lima KCd, Florêncio Filho C. Tratamento da má-oclusão de classe III por 
meio da tração reversa da maxila: revisão sistemática [Treatment of class III malocclusion through the maxillary 
reverse protraction: systematic review. Ortodontia.42(5):422-7. 
Excluded by title. 
46 
Silva RG, Kaieda AK, Paranhos LR, Angelieri F, Torres FC, Scanavini MA. A comparative study between lip 
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Supplementary Table 4. Details about the risk of bias assessment of included randomized trials with the Cochrane tool. HG, headgear; Ctr, control; PAR, peer assessment rating; SD, 
standard deviation; ITT, intent to treat. 
Trial Sequence generation 
Allocation 
concealment 
Blinding of 
participants, 
personnel 
Blinding of outcome assessors Incomplete outcome data 
Selective 
outcome 
reporting 
Other sources 
of bias 
Fernandes 
2007 
Unclear - randomization 
description inadequate: 
"(Cinqüenta e oito pacientes 
foram selecionados e 
distribuídos aleatoriamente nos 
três grupos de 
acompanhamento da pesquisa.)" 
Unclear - no 
mention 
throughout the 
paper. 
Unclear - no mention 
of blinding throughout 
the paper; blinding is 
impractical for both 
patient and clinician. 
High risk - no mention of blinding 
throughout the paper; blinding 
could have been implemented. 
Low risk - No drop-outs or patient 
losses are reported. 
Unclear - It is 
difficult to judge 
whether 
selective 
reporting is a 
problem, as no 
protocol exists. 
Unclear - 
residual bias 
cannot be 
excluded. 
Keeling 
1995 
High risk - sequence generation 
adequate, but problematic: "A 
stratified block-randomization 
procedure was used to assign 
each subject to a treatment 
protocol. Each subject had an 
equal likelihood of assignment to 
an observation, retention, or no-
retention group. In addition, 
subjects assigned to undergo 
retention or no retention were 
equally likely to be assigned to 
undergo treatment with 
headgear/maxillary retainer with 
bite plane or treatment with a 
bionator. We used several 
criteria to define strata:...". 
However, according to a 
previous review, including 
communication with the trialists 
(PMID: 24226169): "Subjects 
initially were selected in blocks 
of six and randomized to the 
treatment protocols. This 
procedure of assigning subjects 
to groups only after a block had 
filled was modified in year 3, 
after we recognised slow entry 
rate and many partially filled 
blocks (23% of the sample) were 
randomized to groups" 
Unclear - no 
mention 
throughout the 
paper. 
Low risk - no mention 
of blinding throughout 
the paper; blinding is 
impractical for both 
patient and clinician. 
However after 
headgear application, 
patients were rotated 
among unaware 
clinicians every 
month who checked 
all interventions: "To 
control for proficiency 
bias, each child’s 
clinic appointments 
were rotated among 
the four project 
orthodontists. 
Children wearing 
appliances were 
scheduled for a visit 
once each month; 
children without 
appliances were 
scheduled for a visit 
once every 3 
months". This 
(together with the 
care taken 
throughout the 
planning and conduct 
Low risk - blinding of outcomes 
performed: "All appliances were 
removed by the clinic dental 
assistant (a dentist) at each data-
collection appointment before the 
examiner obtained any data, 
including radiographs, and 
replaced, as necessary, afterward, 
so that examiners would remain 
blinded to treatment group and 
treatment stage....The investigator 
(S.S.P.) who scored the PAR 
indexes was calibrated and 
blinded to the phase-1 treatment 
group.". Also information from a 
previous review, including 
communication with the trialists 
(PMID: 24226169): "All 
cephalometric radiographs were 
encoded by the staff assistant and 
then decoded for analysis". 
Low risk - "Initial data from trial 
participants and dropouts were 
compared in these categories to 
determine whether the subjects 
lost to follow-up significantly 
biased the initial randomization. 
With the exception of race, there 
were no significant differences 
between the dropouts and the 
subjects....An intent-to-treat 
analysis was also performed, 
comparing the last PAR score for 
all subjects who entered the 
study. Mean PAR scores for this 
variable were 8.87 (SD 7.26), 8.49 
(SD 8.61), and 8.42 (SD 7.65) for 
bionator, headgear, and 
observation groups, respectively 
(P  .89).": Drop-out was 24.6%, 
slightly above the usual cut-off of 
20%. However, as drop-outs were 
balanced among groups, the 
analysis of drop-outs did not 
indicate any factors other than 
race, and the total drop-outs were 
spread in the initial trial, its 
retention, and its subsequent 
extension (around 7%, 11%, and 
9%, respectively), we judged that 
the large drop-out rate was more 
due to the trial design and patient 
Low risk - It is 
difficult to judge 
whether 
selective 
reporting is a 
problem, as no 
protocol exists. 
However, there 
multiple reports 
have been 
identified with a 
large variety of 
outcomes, and 
protocol 
violations have 
been listed in 
the trial's 
published 
report; judged 
to be in low 
risk. 
Low risk - some 
factor have not 
been taken into 
account in the 
appliances (like 
type of Class II 
malocclusion 
and patient 
compliance), but 
as the study was 
randomized with 
adequate 
sample, the 
effect of these 
can be expected 
to be the same 
across groups. 
  
of the trial) were used 
to judge this field to 
be in low risk of bias. 
specifities, but not associated to 
treatment allocation; therefore no 
increased risk of bias exists. 
Mäntysaari 
2004 
Low risk - generation of the 
randomized sequence 
somewhat unclear, but given the 
overall state of the available 
report, probably adequate: "The 
children were randomly divided 
into two groups of equal size, 
matched according to gender. 
This was undertaken by one 
author (TK) using random 
numbers". 
Low risk - 
allocation 
concealment 
somewhat 
unclear, but it 
seems to be 
probably 
adequate 
(central 
allocation): "To 
conceal the 
allocation, most 
of the 
practitioners 
who undertook 
the treatment 
were not given 
information 
concerning the 
aim or rationale 
of the study". 
Unclear - no mention 
of blinding throughout 
the paper; blinding is 
impractical for both 
patient and clinician. 
High risk - no mention of blinding 
throughout the paper; blinding 
could have been implemented. 
Low risk - patient losses due to 
treatment discontinuation are 
relatively similar (3 and 2 patients 
in the HG and Ctr groups, 
respectively). 
Unclear - It is 
difficult to judge 
whether 
selective 
reporting is a 
problem, as no 
protocol exists. 
Unclear - 
residual bias 
cannot be 
excluded. 
Ritter 2002 
Unclear - randomization 
description inadequate: "(Foram 
reunidas 20 criancas que 
cumpriam esses pre-requisitos, 
totalizando a amostra, a qual foi 
dividida aleatoriamente dois 
grupos chamados de grupos 
Controle e Ativo.)" 
Unclear - no 
mention 
throughout the 
paper. 
Unclear - no mention 
of blinding throughout 
the paper; blinding is 
impractical for both 
patient and clinician. 
High risk - no mention of blinding 
throughout the paper; blinding 
could have been implemented. 
Low risk - No drop-outs or patient 
losses are reported. 
Unclear - It is 
difficult to judge 
whether 
selective 
reporting is a 
problem, as no 
protocol exists. 
Unclear - 
residual bias 
cannot be 
excluded. 
Tulloch 
1997 
Low risk - sequence generation 
adequate: "In phase 1 of the 
trial, each child was randomly 
assigned by using a stratified 
block randomization, with gender 
as the stratification factor, to one 
of three groups, headgear, 
functional appliance, or 
observation only. Randomization 
was performed within gender in 
blocks of six patients with Proc 
Low risk - 
allocation 
sequence fully 
concealed: "The 
randomization 
sequence was 
prepared by the 
study 
biostatistician 
and given to the 
study 
Low risk - blinding is 
impractical for both 
patient and clinician; 
however, authors 
went to great extent 
to blind the outcome 
assessment, which 
was objective in 
nature. 
Low risk - blinding of outcome 
assessors attempted at first phase, 
although only partially successful: 
"At the examination, the examiners 
were blind to the patient’s initial 
group assignment. However, 
because the molar bands of the 
headgear patients were not always 
removed after the first stage of 
treatment, this blinding was only 
partial". Blinding attemped and 
Low risk - relatively low drop out 
rate; missing patients were 
appropriately imputed: "Because 
11 of the ITT sample only had 
initial records, their 15-month 
measures were imputed with 
regression coefficients from least 
squares regression analyses that 
included baseline measures, 
treatment group, and gender as 
explanatory factors." 
Low risk - It is 
difficult to judge 
whether 
selective 
reporting is a 
problem, as no 
protocol exists. 
However, there 
multiple reports 
have been 
identified with a 
Low risk - some 
factor have not 
been taken into 
account in the 
appliances (like 
type of Class II 
malocclusion 
and patient 
compliance), but 
as the study was 
randomized with 
  
Plan in SAS. 1" coordinator, 
who was 
responsible for 
assigning 
subjects to the 
next clinician on 
the list. The 
allocation 
sequence was 
concealed from 
the clinicians". 
completely successful at the final 
report: "Each cephalogram was 
traced and digitized, by using the 
UNC 140-point model, by 1 of 2 
experienced research technicians, 
who were masked to the early 
treatment group when analyzing 
the final cephalogram." 
large variety of 
outcomes, and 
protocol 
violations have 
been listed in 
the trial's 
published 
report; judged 
to be in low 
risk. 
adequate 
sample, the 
effect of these 
can be expected 
to be the same 
across groups. 
 . 
  
Supplementary Table 5. Details for the risk of bias assessment of non-randomized trials according to the ACROBAT-NRSI (A Cochrane Risk Of Bias Assessment Tool: for Non-
Randomized Studies of Interventions). The full completed forms for each separate trials can be requested from the corresponding author. NI, no information. 
Domain          Study 
Altug 
2004 
Firouz 
1992 
Henriques 
2004 
Jakobsson 
1967 
Kocadereli 
1992 
Kumar 
2013 
Nahas 
2003 
Ölmez 
1994 
Paulin 
2004 
Pires 
2003 
Tosun 
1991 
Ulgen 
1991 
Zhang 
2010 
1. Bias due to 
confounding 
Moderate  Serious  Serious  Moderate  Serious  Low  Serious  Moderate  Serious  Critical  Serious  Moderate  Moderate  
2. Bias in selection of 
participants into the 
study 
NI NI NI Low  NI NI Serious  NI Serious  NI Serious  NI NI 
3. Bias in 
measurement of 
interventions 
NI Low  Low  Low  Low  NI Low  Low  Low  Low  Low  NI Low  
4. Bias due to 
departures from 
intended 
interventions 
NI Low  NI NI NI Low  Low  NI NI NI Low  NI NI 
5. Bias due to 
missing data 
Low  Low  Low  Moderate  Low  Low  Low  Low  Low  Low  Low  Low  Low  
6. Bias in 
measurement of 
outcomes 
Serious  Serious  Serious  Serious  Serious  Serious  Serious  Serious  Serious  Serious  Serious  Serious  Serious  
7. Bias in selection of 
the reported result 
Low  Low  Low  Low  Low  Low  Low  Low  Low  Low  Low  Low  Low  
Overall Serious  Serious  Serious  Serious  Serious  Serious  Serious  Serious  Serious  Critical  Serious  Serious  Serious  
. 
  
Supplementary Table 6. Additional outcomes reported from the included studies. CI, confidence interval; HG, headgear; Ctr, control; Ph1, 
phase 1 (headgear treatment/observation); yr, year; RR, relative risk; Tx, treatment; Ph2, phase 2 (fixed appliance treatment after headgear/ 
observation); MD, mean difference; PAR, peer assessment rating; EARR, external apical root resorption; Ret, retention; TMJ, 
temporomandibular joint. 
 
Outcome n Time Metric Effect (95% CI) P I
2
 
What happens to HG pts 
compared to Ctr pts 
Effectiveness / efficiency 
 
Continued improvement after 
Ph1 
1 Ph1+1yr RR 0.32 (0.19, 0.55) <0.001 - 
Probably less likely to 
further improve after Tx. 
 
Extraction need for Ph2 1 Ph2 RR 0.81 (0.33, 2.01) 0.647 - 
There may be little or no 
difference in the need for 
tooth extractions for Ph2. 
 
Overall Tx duration in months 
(Ph1+Ph2) 
1 Ph1+Ph2 MD 14.40 (8.91, 19.89) <0.001 - 
Probably increases overall 
Tx duration. 
 
Patient compliance after Ph2 1 after Ph2 MD 0.44 (0.10, 0.78) 0.012 - 
Probably increased 
compliance after Ph2. 
 
Patient compliance for Ph2 1 Ph2 MD 0.66 (0.38, 0.94) <0.001 - 
Probably increased 
compliance for Ph2. 
 
Patients in PAR-category <5 
(ideal) 
1 Ph2 RR 1.14 (0.74, 1.77) 0.547 - 
There may be little or no 
difference in the probability 
to have ideal occlusion 
according to PAR after Ph2. 
 
Patients in PAR-category 6-10 
(good) 
1 Ph2 RR 1.03 (0.40, 2.63) 0.953 - 
There may be little or no 
difference in the probability 
to have good occlusion 
according to PAR after Ph2. 
 
Ph2 Tx duration in months 
(with interim Tx) 
2 Ph2 MD -7.13 (-12.22, -2.04) 0.006 - 
Probably decreases the 
duration of Ph2 Tx (with the 
interim Tx). 
 
Ph2 Tx duration in months 
(without interim Tx) 
1 Ph2 MD 1.80 (-2.16, 5.76) 0.373 - 
May increase the duration 
of Ph2 Tx (without the 
interim Tx). 
 
Relapse after Ph1 1 Ph1+1yr RR 2.40 (1.44, 3.99) 0.001 - 
Probably increased relapse 
after Ph1. 
 SNB 11 Ph1 MD -0.20 (-0.47, 0.06) 0.130 44% 
There may be little or no 
difference in the SNB angle 
after Ph1. 
 SNB 1 Ph2 MD -0.02 (-0.14, 0.10) 0.745 - 
There may be little or no 
difference in the SNB angle 
after Ph2. 
 
Surgical Tx need for Ph2 1 Ph2 RR 0.47 (0.24, 0.93) 0.030 - 
Probably decreases the 
need fot surgical Tx for 
Ph2. 
 
Tx difficulty for Ph2 1 after Ph1 MD -0.91 (-1.23, -0.59) <0.001 - 
Probably decreased difficult 
for Ph2. 
 
Tx priority for Ph2 1 after Ph1 MD -0.28 (-0.41, -0.15) <0.001 - 
Probably decreased priority 
for Ph2. 
 
Tx success after Ph1 1 Ph1 RR 8.19 (3.73, 17.98) <0.001 - 
Probably increases Tx 
success for Ph1. 
 
Tx success after Ph1 1 Ph1+1yr RR 3.95 (2.14, 7.31) <0.001 - 
Probably increases Tx 
success for Ph1. 
 
Tx success after Ph1: 
hyperdivergent 
1 Ph1+1yr RR 3.36 (1.59, 7.11) 0.001 - 
Probably increases Tx 
success for Ph1. 
 
Tx success after Ph1: 
hypodivergent 
1 Ph1+1yr RR 10.83 (0.66, 177.02) 0.095 - 
May increase Tx success 
for Ph1. 
 
Tx success after Ph1: 
mandibular prognathism 
1 Ph1+1yr RR 6.89 (1.73, 27.50) 0.006 - 
Probably increases Tx 
success for Ph1. 
 
Tx success after Ph1: 
mandibular retrognathism 
1 Ph1+1yr RR 2.84 (1.14, 7.09) 0.025 - 
Probably increases Tx 
success for Ph1. 
  
 
Tx success after Ph1: 
maxillary prognathism 
1 Ph1+1yr RR 3.23 (1.30, 8.05) 0.012 - 
Probably increases Tx 
success for Ph1. 
 
Tx success after Ph1: 
maxillary retrognathism 
1 Ph1+1yr RR 5.50 (1.40, 21.62) 0.015 - 
Probably increases Tx 
success for Ph1. 
Adverse effects 
 
Children with at least 1 incisor 
with severe EARR 
1 Ph2+Ret RR 0.60 (0.24, 1.52) 0.282 - 
May decreases the 
incidence of severe EARR 
during and after Ph2. 
 
Incidence of dental trauma 
during Ph1 
2 Ph1 RR 0.80 (0.42, 1.49) 0.475 
 
There may be little or no 
difference in dental trauma 
during Ph1. 
 
Incidence of dental trauma 
during Ph1; category non-
minor 
1 Ph1 RR 0.61 (0.06, 6.53) 0.683 - 
May decreases the 
incidence of non-minor 
dental trauma during Ph1. 
 
Incidence of dental trauma 
during Ph1+Ph2 
1 Ph1+Ph2 RR 0.68 (0.39, 1.17) 0.159 - 
May slightly decrease the 
overall incidence of new 
dental trauma during the 
whole Tx (Ph1 and Ph2). 
 
Incidence of dental trauma 
during Ph2 
2 Ph2 RR 0.34 (0.14, 0.80) 0.014 0% 
Probably decreases the 
incidence of dental trauma 
during Ph2. 
 
Incidence of dental trauma 
during Ph2; category non-
minor 
1 Ph2 RR 0.37 (0.02, 8.84) 0.538 - 
May decrease the incidence 
of non-minor dental trauma 
after Ph2. 
 
TMJ muscle pain 1 Ph1 RR 0.79 (0.55, 1.15) 0.215 - 
There may be little or no 
difference in muscle pain 
during Ph1. 
 
TMJ muscle pain; initially no 1 Ph1 RR 0.64 (0.35, 1.16) 0.139 - 
May decrease the incidence 
of muscle pain during Ph1. 
 
TMJ muscle pain; initially yes 1 Ph1 RR 1.02 (0.68, 1.54) 0.917 - 
There may be little or no 
effect on existing muscle 
pain during Ph1. 
 
TMJ pain 1 Ph1 RR 0.70 (0.42, 1.15) 0.160 - 
There may be little or no 
difference in TMJ pain 
during Ph1. 
 
TMJ pain; initially no 1 Ph1 RR 0.54 (0.23, 1.25) 0.149 - 
May decrease the incidence 
of new TMJ pain during 
Ph1. 
 
TMJ pain; initially yes 1 Ph1 RR 0.85 (0.48, 1.49) 0.561 - 
There may be little or no 
effect on existing TMJ pain 
during Ph1. 
 
TMJ sound 1 Ph1 RR 1.09 (0.43, 2.74) 0.861 - 
There may be little or no 
difference in TMJ sound 
during Ph1. 
 
TMJ sound; initially no 1 Ph1 RR 1.15 (0.32, 4.06) 0.831 - 
There may be little or no 
difference in TMJ sound 
during Ph1. 
 
TMJ sound; initially yes 1 Ph1 RR 0.53 (0.21, 1.38) 0.193 - 
May eliminate the TMJ 
sounds after Ph1 in patients 
that initially had. 
.  
  
Supplementary Table 7. Subgroup analyses for the meta-analysis of the annualized difference headgear minus control regarding various 
patient- or treatment-related factors. Coeff, meta-regression coefficient; CI, confidence interval; M/F, male/female; MD, mean difference; SMD, 
standardized mean difference.  
 
  
SNA 
 
SNNL & FHNL 
 
CoA & NperpA 
 
  
n Coeff (95% CI) P 
 
n Coeff (95% CI) P 
 
n Coeff (95% CI) P 
B
a
s
e
lin
e
  Age 13 -0.07 (-0.53, 0.39) 0.742 
 
12 -0.13 (-0.74, 0.49) 0.655 
 
8 0.01 (-0.45, 0.47) 0.959 
 
M/F ratio 13 -0.92 (-7.47, 5.64) 0.763 
 
11 -2.25 (-13.36, 8.86) 0.657 
 
8 -3.69 (-10.23, 2.85) 0.217 
 
Baseline SNA 12 0.16 (-0.10, 0.42) 0.211 
 
10 -0.04 (-0.31, 0.24) 0.777 
 
8 0.02 (-0.25, 0.28) 0.890 
 
Baseline SN-NL 8 -0.34 (-0.86, 0.18) 0.156 
 
8 0.06 (-0.47, 0.59) 0.793 
 
4 - - 
 
Baseline 1s-NL 4 - - 
 
4 - - 
 
1 - - 
              
T
re
a
tm
e
n
t 
fa
c
to
rs
 
  n Coeff (95% CI) P  n Coeff (95% CI) P  n Coeff (95% CI) P 
Force 
magnitude  
13 -0.00 (-0.01, 0.01) 0.957 
 
12 0.01 (-0.01, 0.02) 0.312 
 
9 0.00 (-0.01, 0.01) 0.934 
             
  
n MD (95% CI) P 
 
n SMD (95% CI) P 
 
n SMD (95% CI) P 
Force 
direction 
High-pull 7 -1.49 (-2.28, -0.70) 0.824 
 
7 0.11 (-0.30, 0.51) 0.267 
 
6 -0.68 (-1.08, -0.28) 0.520 
 
Cervical 3 -1.85 (-3.14, -0.56)  
 
4 1.50 (-0.26, 3.27) 
  
- - 
 
 
Combination 3 -1.73 (-2.68, -0.79)  
 
1 0.87 (0.31, 1.43) 
  
3 -0.39 (-0.68, -0.11) 
 
  
   
        
Appliance Bands 7 -1.55 (-2.17, -0.93) 0.614 
 
8 0.72 (-0.02, 1.46) 0.501 
 
4 -0.47 (-0.90, -0.04) 0.689 
 
Biteplane 6 -1.81 (-2.80, -0.83)  
 
5 0.19 (-0.12, 0.51) 
  
5 -0.69 (-1.13, -0.24) 
 
. 
  
Supplementary Table 8. Two-level explorative analysis of factors associated with the treatment induced annualized SNA change in the 
headgear patients. Regressions are run within each of the three studies with raw data, followed by a random effects meta-analysis across 
studies of the effect of each factor on the annualized SNA change (regression coefficient). CI, confidence interval. 
Factor Studies Patients 
Pooled 
coefficient 
95% CI P I
2
 What happens 
Age 3 90 0.01 -0.03, 0.05 0.735 0% Little or no effect of initial patient age on SNA change. 
Male 3 90 0.21 -0.69, 1.11 0.645 35% Little or no effect of patient sex on SNA change. 
Baseline SNA 3 90 -0.18 -0.25, -0.10 <0.001 0% 
Patients with greater initial SNA angle experience a greater 
annual reduction in SNA with headgear. 
Baseline ML 
inclination* 
3 90 0.15 -0.22, 0.51 0.440 52% Little or no effect of vertical pattern on SNA change. 
*Standardized coefficients calculated and pooled as different variables were measured in the three studies (2 studies with the SN-ML angle and 
1 study with the FH-ML angle). 
  
Supplementary Table 9. Stratified meta-analyses of the headgear minus control annualized SNA change according to the baseline SNA angle 
from the three studies that provided raw data. Patients within each study are selected according to their SNA, and the effects are calculated 
anew, before pooling them across studies. MD, mean difference; CI, confidence interval. 
Baseline SNA 
category 
Studies Patients MD 95% CI P I
2
 What happens 
Any SNA values 3 161 -0.83 -1.23, -0.44 <0.001 0% 
The therapeutic effects of headgear (annual 
reduction in SNA compared to no treatment) 
increase as the initial SNA increases. 
SNA>82 3 78 -1.16 -2.07, -0.24 0.013 37% 
SNA>84 3 50 -1.34 -2.52, -0.17 0.025 22% 
SNA>86 3 31 -2.06 -3.91, -0.22 0.029 96% 
. 
  
Supplementary Table 10. Details of the GRADE assessment for each domain. CI, confidence interval; TMJ, temporomandibular joint; PAR, peer 
assessment rating; Ph1, phase 1 (headgear treatment/observation); Ph2, phase 2 (fixed appliance treatment following headgear treatment/ 
observation). 
Outcome Risk of Bias Inconsistency Indirectness Imprecision Publication bias Large Effect Dose Response 
Residual 
Confounding 
SNA angle 
Starts from "low", due to the 
inclusion of non-randomized 
studies. Downgraded further by 
one point due to serious 
limitations (high risk of bias) 
High heterogeneity; 
confidence regarding 
decision unaffected; 
heterogeneity affects just 
the precision of the 
estimate 
Directly 
relevant 
Adequate sample Safe 
No reason to rate 
up 
Dose response 
relation possibly 
seeen. No 
upgrading, due to 
existing risk of 
bias 
Cannot be 
ruled out 
Inclination 
of NL 
Starts from "low", due to the 
inclusion of non-randomized 
studies. Downgraded further by 
one point due to serious 
limitations (high risk of bias) 
High heterogeneity, which 
could not be explained by 
subgroup analysis, while 
our confidence regarding 
decision is affected by it 
(trials on both sides of the 
forest plot) 
Directly 
relevant 
Adequate sample 
Downgrade by one; no sign of 
publication, but signs of 
reporting bias identified. 
Imprecise studies tend to 
overestimate the results; 
downgraded by one for 
imprecision 
Large effect 
magnitude; 
however no rating 
up due existing 
concerns 
regarding risk of 
bias and 
imprecision 
No dose 
response relation 
assessment 
Cannot be 
ruled out 
Sagittal 
position of A 
point 
Starts from "low", due to the 
inclusion of non-randomized 
studies. Downgraded further by 
one point due to serious 
limitations (high risk of bias) 
High heterogeneity, which 
could not be explained by 
subgroup analysis, while 
our confidence regarding 
decision is affected by it 
(trials on both sides of the 
forest plot) 
Directly 
relevant 
Adequate sample No evidence of bias 
No reason to rate 
up 
No dose 
response relation 
assessment 
Cannot be 
ruled out 
Nasolabial 
angle 
Starts from "low", due to the 
inclusion of non-randomized 
studies. Downgraded further by 
one point due to serious 
limitations (high risk of bias) 
Low heterogeneity; no 
reason to downgrade 
Directly 
relevant 
Adequate sample Safe 
No reason to rate 
up 
No dose 
response relation 
assessment 
Cannot be 
ruled out 
PAR 
reduction 
Downgraded by one point due to 
high risk of bias 
No assessment of 
inconsistency possible 
Directly 
relevant 
Adequate sample Safe 
No reason to rate 
up 
No dose 
response relation 
assessment 
Cannot be 
ruled out 
New incisor 
trauma 
(Ph2) 
Downgraded by one point due to 
high risk of bias 
Low heterogeneity; no 
reason to downgrade 
Directly 
relevant 
Adequate sample Safe 
No reason to rate 
up 
No dose 
response relation 
assessment 
Cannot be 
ruled out 
New incisor 
trauma 
(Ph1+Ph2) 
Downgraded by one point due to 
high risk of bias 
Low heterogeneity; no 
reason to downgrade 
Directly 
relevant 
Inadequate sample; 
the 95% CI 
includes both the 
null effect and large 
effect values, which 
indicates 
imprecision 
Safe 
No reason to rate 
up 
No dose 
response relation 
assessment 
Cannot be 
ruled out 
  
New TMJ 
pain 
Downgraded by one point due to 
high risk of bias 
No assessment of 
inconsistency possible 
Directly 
relevant 
Inadequate sample; 
the 95% CI 
includes both the 
null effect and large 
effect values, which 
indicates 
imprecision 
Safe 
No reason to rate 
up 
No dose 
response relation 
assessment 
Cannot be 
ruled out 
Existing 
TMJ pain 
Downgraded by one point due to 
high risk of bias 
No assessment of 
inconsistency possible 
Directly 
relevant 
Inadequate sample; 
the 95% CI 
includes both the 
null effect and large 
effect values, which 
indicates 
imprecision 
Safe 
No reason to rate 
up 
No dose 
response relation 
assessment 
Cannot be 
ruled out 
.
  
 
Supplementary Table 11. Results of the sensitivity analyses. Coeff, coefficient; CI, confidence interval; RCT, randomized controlled trial; SMD, 
standardized mean difference. 
 
SNA 
 
SNNL & FHNL 
 
n Coeff (95% CI) P 
 
n Coeff (95% CI) P 
Sensitivity analyses 
RCT vs non-RCT 12 0.53 (-0.83, 1.90) 0.406 
 
12 -1.04 (-3.10, 1.03) 0.290 
Regression-based adjusted vs provided unadjusted data 12 0.94 (-0.30, 2.18) 0.122 
 
12 -1.13 (-2.82, 0.56) 0.167 
SN-NL- vs FH-NL-based SMD - - - 
 
12 -1.18 (-2.88, 0.52) 0.152 
. 
  
Supplementary Table 12. Results of the sensitivity analyses. CI, confidence interval; MD, mean difference; RCT, randomized controlled trial; SMD, standardized 
mean difference. 
 Original GRADE  Sensitivity analysis  
Outcomes 
no of participants (studies) 
Relative effects 
(95% CI) 
Quality of the evidence 
(GRADE) 
Changes performed 
Relative effects 
(95% CI) 
Quality of the evidence 
(GRADE) 
What happens 
SNA angle 
607 patients (12 studies) 
MD -1.63 
(-2.20 to -1.06) 
⊝⊝⊝⊝ very lowa 
risk of bias 
 Excluded 6 non-RCTs 
 Used for 3 non-RCTs 
adjusted data for age, sex, 
and baseline SNA 
MD -1.01 
(-1.25, -0.77) 
⊕⊕⊕⊕ highd 
Probably decreases the SNA 
angle 
SN-NL & FH-NL angle 
667 patients (12 studies) 
SMD 0.54 
(0.09 to 1.00) 
⊝⊝⊝⊝ very lowa,b,c 
risk of bias, inconsistency, 
and reporting bias 
 Excluded 7 non-RCTs 
 Used for 3 non-RCTs 
adjusted data for age, sex, 
and baseline SNA 
SMD -0.23 
(-0.55, 0.08) 
⊕⊝⊝⊝ lowe,f,g 
risk of bias, inconsistency, 
and imprecision 
The effect on the inclination 
of the maxilla cannot be 
robustly assessed 
a
 Starts from “low”, due to the vast inclusion of non-randomized studies. Further downgraded by one for high risk of bias in most studies. 
b
 High heterogeneity, which could not be explained by subgroup analysis, while our confidence regarding decision is affected by it (trials on both sides of 
the forest plot). 
c
 Signs of reporting bias (small-study effects) identified through Egger test. Small/imprecise studies tend to report greater treatment effects for headgear. 
d
 Upgraded by one for dose-response effect of the headgear effectiveness (increased maxillary growth inhibition with increased baseline maxillary 
prognathism) and for absence of confounding (estimates adjusted for baseline SNA, change in maxillary inclination, and change in inclination of the upper 
incisors were similar to unadjusted estimates. The adjusted estimates from the 3 non-randomized studies were judged to be adequately protected against 
bias. 
e
 Downgraded by one point for high risk of bias in included RCTs. 
f
 Downgraded by one point for high heterogeneity (I
2
=77%; 95% uncertainty interval= 21% to 89%).  
g
 Downgraded by one point imprecision, as the 95% CI includes both the considerable effect of SMD=0.5 and crosses the value of no effect. 
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Supplementary Figure 1. Contour-enhanced funnel plots for the assessment of reporting 
biases (including small-study effects and the possibility of publication bias). 
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        (-5.81, 9.09) 
        (-1.17, 2.26) 
        (-2.70, 3.78) 
with estimated predictive interval 
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. 
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Overall  (I2=91%) 
Subtotal  (I2=92%) 
Ulgen 1991 
Altug 2004 
Most precise third 
Mäntysaari 2004 
Keeling 1995 
Subtotal  (I2=84%) 
Henriques 2004 pooled/adj 
Jakobsson 1967 
Firouz 1992 
Olmez 1994 
Tosun 1991 
Moderately precise third 
Least precise third 
Paulin 2004 adj 
Zhang 2010 
Subtotal  (I2=84%) 
Nahas 2003 adj 
Trial 
0.54 (0.09, 1.00) 
1.64 (0.06, 3.21) 
1.76 (0.71, 2.81) 
0.87 (0.31, 1.43) 
0.54 (-0.17, 1.25) 
0.12 (-0.68, 0.92) 
0.15 (-0.24, 0.54) 
-0.20 (-0.58, 0.18) 
-0.79 (-1.10, -0.48) 
SMD (95% CI) 
100.0 
8.6 
34.2 
9.7 
7.7 
8.3 
9.2 
37.8 
-0.39 (-0.90, 0.12) 
-0.11 (-0.41, 0.19) 
-0.04 (-0.28, 0.20) 
0.72 (-0.04, 1.48) 
0.53 (-0.10, 1.17) 
1.18 (0.60, 1.76) 
4.10 (2.99, 5.22) 
28.0 
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Weight 
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Annualized change in maxillary inclination 
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headgear group 
Greater maxillary inclination in the 
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Supplementary Figure 2. Subgroup meta-analysis of the SN-NL & FH-NL inclination change according to study precision. 
SMD, standardized mean difference; CI, confidence interval; adj, adjusted for confounding. 
.       (-3.40, 1.72) 
.       (-4.60, 3.12) 
with estimated PrI 
with estimated PrI 
Estimates adjusted for patient sex 
& age 
Henriques 2004 pooled 
Nahas 2003 
Paulin 2004 
Subtotal  (I2=0%) 
Estimates adjusted for patient sex, 
age, baseline SNA, change in SN-NL 
& change in 1s-NL 
Henriques 2004 pooled 
Nahas 2003 
Paulin 2004 
Subtotal  (I2=28%) 
Trial 
-1.39 (-2.43, -0.35) 
-0.84 (-1.23, -0.44) 
-0.73 (-1.41, -0.05) 
-0.45 (-0.98, 0.09) 
-0.74 (-1.18, -0.31) 
30 
100 
30 
Weight 
-0.63 (-1.16, -0.10) 
-0.96 (-1.69, -0.23) 
-1.22 (-1.97, -0.48) 
MD (95% CI) 
56 
15 
43 
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0 -5 -4 -2 2 4 5 
Annualized change in SNA angle (°/year) 
Reduced SNA in headgear 
patients 
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Supplementary Figure 3. Explorative analysis of the influence of maxillary inclination and the labial inclination of the upper incisors on 
the measured SNA change. MD, mean difference; CI, confidence interval; PrI, prediction interval. 
